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Tuesday, February 28, 2012 451aC-alpha atoms_it is quite remarkable that they correlate so well with data from
molecular dynamics simulations and experiment. There are, however, some
limitations that can be improved: dependency of force constants, cutoffs, and
problems in loop representation. Recent efforts have explored methods of im-
proving the force constants in order to get a better representation of flexibility.
Our method is based on deriving networks based on a Delauney tessellation of
the protein space in order to represent protein flexibility. This method com-
pletely eliminates the need for arbitrary cutoff distances and gives a rational in-
terpretation of forces to apply to the model. At the same time it maintains the
small computational expense that characterizes these methods and has made
them popular.
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The regulatory light chain (RLC) is part of the regulatory domain of myosin II,
the most important contractile protein of the muscle. RLC resides in the neck
region of myosin, which connects the coiled coil tail with the two globular
heads. This region is essential in defining the mechanical properties of myosin.
Indeed, it is part of the so-called lever arm, whose motion is the result of the
propagation and amplification of conformational changes taking place in the
motor domain during the contractile cycle.
Like other sarcomere components, RLC is implicated in the pathogenesis of the
hypertrophic cardiomyopathy (HCM). Even if the mechanism of the disease
pathogenesis is still unclear, particularly important is the effect of some muta-
tions on RLC phosphorylation levels. The recent discovery of a cardiac-specific
association of RLC with the Myosin Binding Protein C (MyBP-C) [1] further
enforces the link between RLC and HCM.
Recent studies suggest a possible role of RLC phosphorylation in regulating the
stiffness of the myosin lever arm and the propagation of forces through the my-
osin heavy chain [2]. We performed a preliminary study of the conformational
variability of RLC in the regulatory domain by generating a simulated ensem-
ble of structures. Essential Dynamics and Information Theory analyses based
on a Structural Alphabet [3] were used to describe the collective motions of
RLC and their coupling with the myosin heavy chain. The observed conforma-
tional changes were also compared with an ensemble of RLC experimental
structures.
[1] J. Ratti, E. Rostkova, M. Gautel, M. Pfuhl (2011) J.Biol.Chem. 286, 12650-
12658.
[2] J.H. Brown, V.S.S. Kumar, E. O’Neall-Hennessey, L. Reshetnikova, H.
Robinson, M. Nguyen-McCarty, A.G. Szent-Gyo¨rgyi, C. Cohen (2011) Proc.
Natl. Ac. Sci. USA. 108, 114-119.
[3] A. Pandini, A. Fornili, J. Kleinjung (2010) BMC Bioinformatics 11, 97.
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Hyperactivation of the enzyme, Cyclin Dependent Kinase Type II (CDK2) on
binding with low molecular weight isoforms of its activator protein, Cyclin E
has been reported in vivo. Such isoforms of Cyclin E are primarily detected in
the nucleus of cancer cells. Here, we study the conformational variations of
CDK2 complexed with various isoforms of Cyclin E, via Molecular Dynamics
simulations. Results show significant energetic and structural changes in vari-
ous key regions of the complexes including the substrate binding pocket of
CDK2-Cyclin interface, Our results correlate very well with the data from ex-
periments. The study could help designing specific inhibitors to target abnormal
kinases.
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Triosephosphate Isomerase (TIM) is a glycolytic enzyme catalyzing the inter-
conversion of Dihydroxyacetone phosphate (DHAP) to Glyceraldehyde-3-
phosphate (GAP). TIM is a non-allosteric dimeric enzyme with three distinct
loops (loop-6, 7 & loop-8) enveloping the active site. Loop-6 acts as a lid on
the active site and residues from loop-7 and loop-8 stabilize the substrate in
the active site. Depending on the orientation of loop-6 and loop-7, TIM can
be classified into various conformational states. These different conformationsof TIM suggest that for each task i.e. substrate binding, catalysis and product
release, the protein adopts to a specific conformation suited for that particular
task. Various NMR, X-ray and MM experiments have studied the conforma-
tional flexibility of loop-6 in presence or absence of natural substrates, various
inhibitors and have suggested that the conformational exchange rate of loop-6
is similar to the catalytic rate of the enzyme (104/s). These studies have pro-
vided glimpses of individual events of what essentially is a dynamic process.
We study the sequence of events from the binding of the ligand to the release of
the product by molecular dynamics simulations. Our simulations revealed that
loop-6 opens and closes in both apo and holo enzymes at microsecond time
scale and also that N-termini (168P-169V-170W) and C-termini (176K-
177V-178A) hinges of the loop-6 move independently which was also reported
by Berlow et.al [Biochemistry 46 2007 6001]. Loop-7 on the other hand sam-
ples the closed state only when the active site is occupied by the ligand or an
inhibitor. It was also observed that the conformational preference of loop-6
and loop-7 is independent of the conformation of the other.
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Protein dynamics is crucial for its function and folding, and depends on various
external parameters, among which, hydration is of particular importance.
Enzymes lose their bio-activity when they are dry and the so-called dynamical
transition, manifesting as an anharmonic onset in the mean squared atomic dis-
placement around 180 ~ 230 K, occurs in proteins only when certain hydration
level is achieved. Despite decades of study, the microscopic mechanism for
how water boosts the protein dynamics and function is still lacking.
By combining the neutron scattering and molecular dynamics simulation, the
present work decomposes the internal motions of lysozyme on the ps to ns
time scales into three components: localized diffusion, methyl group rotation
and random jumps. In terms of the energy landscape, the first component is
ascribed to be intra-well motion, while the other two correspond to transitions
among wells, i.e., barrier-crossing events. The analysis reveals that the major
change of protein dynamics on these time scales induced by hydration
arises mainly from the intra-well motion ‘‘localized diffusion’’, manifesting
as increase of the diffusion size, via broadening the well. This result is contra-
dictory to the traditional expectation that the hydration-boosted protein internal
motions are barrier-crossing events through lowering the transition barriers,
and will make a great impact on the future study of protein dynamics and
function.
2296-Pos Board B66
Dimensionality Estimation of Disordered Protein Dynamics
Joshua Phillips, Ajay Gopinathan, Shawn Newsam, Michael E. Colvin.
University of California, Merced, Merced, CA, USA.
Recent studies have clearly demonstrated that proteins are best described in
terms of structural ensembles, expanding our perception of the structure-
function paradigm, one of the central tenets of molecular biology, beyond
the traditional description of the lone native structure. Intrinsically disordered
proteins (IDPs) push this emerging view to the extreme, begging the question of
how the free-energy landscape of these proteins differs from proteins that fold
to a native structure. In particular, the dimensionality of the motion exhibited
by folding proteins should slowly decrease as the protein folds to its native
structure, while dimensionality should stay relatively high for IDPs due to their
persistent flexibility. We have performed molecular dynamics (MD) simula-
tions of several natively folded and intrinsically disordered proteins in implicit
and explicit solvent using various forcefields favored for modeling the disor-
dered state. We then utilize dimensionality estimation techniques to analyze
the MD simulations in order to probe the differences between the conforma-
tional landscape of the IDPs and natively folded proteins.
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Recent work from the Bos group has shown that the exchange protein activated
by cAMP (EPAC), binds a single cAMP to allosterically regulate an ionic lock
inducing a large conformational change and opening a binding site for the
GTPases Rap1 or Rap2. Their x-ray structures of EPAC consist of two large
regions with five domains. An ionic lock is defined by R886 and D883 of
CDC25-HD and E332, D307 and Q303 of the CNB. When this lock is released
the hinge region swings closer to the CNB domain creating a 45-Angstrom shift
in the structural region. Mutations in this ionic lock (R886A) in EPAC produce
452a Tuesday, February 28, 2012a reduction in GEF activity, rather than an increase. This unexpected result is
at odds with a simple picture of a direct tradeoff between cAMP binding
energy and ionic lock release. DIMS trajectories of the conformational transition
allow us to compute the energetic role of the mutation in entropy-enthalpy
compensation and
elucidate the allosteric
communication path-
ways that are modu-
lated by the mutation.
Reference trajectories
of the wild-type and
the mutation (R886A)
in the inactive and ac-
tive states give us ad-
ditional insights into
the nature of the
changes.2298-Pos Board B68
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Aquaporins help to maintain water homeostasis and diverse members have
been identified across all three kingdoms of life (http://bioinfo.iitk.ac.in/
MIPModDB). These remarkable channel proteins facilitate the transport of wa-
ter and other neutral solutes across biomembranes. Their selectivity has been
attributed to two constrictions within the channel namely aromatic/arginine se-
lectivity filter (SF) and the conserved NPA motif. Despite the wealth of data
available from experimental and computational studies, the physical basis of
selectivity is still not completely understood. A recent structure of an aquaporin
(PfAQP) from the malarial parasite Plasmodium facliparum, which is also a
potential drug target for malaria,was found to possess SF identical to a glyc-
erol-specific aquaglyceroporin (GlpF). Interestingly, it was observed that
PfAQP transports both water and glycerol equally efficiently.
The molecular basis of dual specificity in PfAQP continues to puzzle re-
searchers. Although the overall fold is same, one of the distinguishing features
could be distinct non-covalent interactions specific to only PfAQP. In order to
find out any such interaction, we have carried out MD simulations of PfAQP
and compared with water-selective AQP1 and glycerol-specific GlpF in explicit
lipid bilayer. RMSD analysis shows that AQP1 is the most flexible channel pro-
tein. The more rigid PfAQP and GlpF are characterized by the presence of
additional salt-bridge and cation-p interactions. Moreover, certain loops have
stronger interactions with transmembrane helices in both PfAQP and GlpF.
To further enhance our understanding we performed three additional simula-
tions by creating in-silico mutants in GlpF and AQP1 that either disrupted
the existing interactions or resulted in new interactions. The results from these
simulations clearly demonstrated the important role of certain non-covalent
interactions in solute transport and hints that aquaporin channel transport can
be regulated in multiple ways.
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RNase-L Inhibitor, also known as ABCE1, is an ATP Binding Cassette (ABC)
protein which contains only the two nucleotide binding domains (NBDs) and an
iron sulfur (FeS) cluster. It was suggested to be associated with various aspects
of protein synthesis, including the binding of translation initiation factors,
translation release factors, export of ribosomal subunits from the nucleus and
ribosome recycling. ABCE1 had been resolved by X-ray in its ADP-bound con-
formation only. The two NBDs possess a high structural similarity between
themselves despite that they do not share the same sequence (33% identity
only). Moreover, despite this structural symmetry, ABCE1 has been reported
to be functionally asymmetric, where mutations in one NBD (E238Q,
H269A) reduce its ATP hydrolysis by 30-50% of normal wild type activity,
while the parallel mutations in the second NBD increase it by a 10-fold. Our
study aims revealing the reason for this phenomena, while shedding light on
the structure and mechanism of action of ABC domains. In the study presented,
we differentiate ABC domains’ structure according to different modes of nucle-
otide binding (ATP bound, ADP bound, and nucleotide free). We present the
main global collective motions that occur upon the conformational change be-
tween those binding modes, and based on that, we derive an atomistic model forthe closed (ATP-bound) conformation. Based on these atomistic models of the
ATP and ADP bound conformations, nucleotide affinity and cooperativity ef-
fects which may influence that affinity are examined, with the goal to under-
stand the source of the detected functional asymmetry.
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The interaction of cytotoxins, small three fingered proteins, with lipid bila-
yers as cell’s membranes has many important biological effects in nature
and may lead to deform or in some cases rupture of lipid bilayers. In this
work the interaction of a cardiotoxin (CTXA3) from cobra snake venom
with a 1-Palmitoyl-2-Oleoylphosphatidylcholine (POPC) lipid bilayer has
been studied. All atom molecular dynamics simulation is used to simulate
the system and to reveal the binding mode of CTXA3 with lipid membrane.
The results show the binding mode of CTXA3 POPC lipid membrane.
According to the binding mode, the coarse grained model of the system
has been constructed in order to calculate the pressure distribution in the sys-
tem. The pressure profiles of systems with and without protein have been
compared. The effect of insertion of protein in the bilayer on pressure profile
has been studied.
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Conventional molecular dynamics (MD) simulations require that protonation
states for all acidic and basic residues are fixed for the duration of the simula-
tion. The conformational space sampled in the simulation is thus biased by the
input protonation states, and the interplay between protonation change and con-
formational change is lost. Constant pH molecular dynamics (CpHMD)
methods allow protonation states of titratable residues to change during the
MD simulation, allowing for coupling between protonation and conformational
to occur. Herein, we present a CpHMD method with generalized Born (GB)
electrostatics, employing Monte Carlo steps within the simulation to allow pro-
tonation states to change discretely over the course of the simulation. Learning
from pKa blind predictions conducted on the Staphylococcus nuclease DþPHS
variant, our work focuses on improving the sampling of protonation space
through alterations to the Monte Carlo scheme. Improvements to this method
will enable better descriptions of pH-dependent phenomena in computer simu-
lations, including ligand binding and protein folding.
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P-type ATPases belonging to class IB maintain heavy metal homeostasis by
means of ion extrusion across cell membranes. The first crystal structure of
the class, a copper-transporting ATPase (CopA), provided clues to their trans-
port mechanism. Six invariable residues were situated in a transmembrane
(TM) cluster, representing two disordered high-affinity ion binding sites. More-
over, two flanking groups of residues consisting of methionines and negatively
charged side-chains were suggested to represent transient intracellular entry
and extracellular exit sites, respectively, although the entry-to-internal- sites
distance would necessitate large conformational changes to allow copper trans-
fer. Free copper ions are rare in cells and therefore the pathway was proposed to
be initiated by the docking of a copper-binding structural entity, likely a chap-
erone, to an IB-specific platform in the vicinity of the entry site. To monitor
protein dynamics in a lipid environment, we performed molecular dynamics
(MD) simulations of CopA inserted into a dioleoylphosphocholine (DOPC) bi-
layer. The platform was found to expose three positively charged amino acids
to the water environment, thereby providing the required antenna for docking
with the negatively charged chaperones. Furthermore, the significant side-
chain flexibility observed for entry-site Met148 would facilitate copper transfer
by reducing the distance to the internal sites. Unexpectedly, solvation effects
indicated the position of two internal binding sites. Moreover, a water exit path-
way, imposed by the dynamical TM helix MA, connected the putative exit site
at Glu189 with the extracellular space, indicating a class-specific transport
mechanism.
